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Abstract 

BIARYL UREA AND RELATED COMPOUNDS 



Compounds having the formula 

I 



R 



* 3 N-R 3 



X-R 1 




and pharmaceutical^ acceptable salts thereof wherein X is a single bond. 
O, CO, S, NH or N(lower alkyl); Y is O, S or NCN; and R» to R* are as 
defined herein. These compounds have potassium channel activating 
activity and are useful, therefore for example, as catdiovascular agents. 



2132771 



HA642 



- l - 



BIARYL UREA AND RELATED COMPOUNDS 
The present invention is directed to compounds of the formula 



and pharmaceutical^ acceptable salts thereof. As used in formula I, and 
throughout the specification, the symbols have the following meanings: 

X is a single bond, O, CO, S, NH or NQower alkyl); 

YisO.SorNCN; 

Rl is alkyl, cycloalkyl. aryl, (aryl)alkyl, heterocyclo or 
(heterocyclo)alkyl; 

R 2 is hydrogen, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, 
arylalkyl, (cycloalkyl)alkyl, -CN, -NO2, -COR, -COOR, -CONHR, 



-CONR 6 , -CF 3 , -S-alkyl, -SOalkyl, -SOaalkyl,— P(0-alkyl) 2 . 



n , halogen, amino, substituted amino, -O- alkyl, -OCF3, 
-OCH2CF3, -OCOalkyl, -OCONRalkyl, -NRCOalkyl, -NRCOOalkyl or 
-NRCONR 4 , where R is hydrogen, alkyl, haloalkyl, aryl, arylalkyl, 
cycloalkyl or (cycloalkyl)alkyl; 



I 




O 

I! 



R 
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R3 is hydrogen, alkyl, hydroxy, -O-alkyl, amino, substituted 
amino, -NHCOR, -CN or -NO2; 

R 4 is aryl, (aryl)alkyl, heterocyclo or (heterocyclo)alkyl; 
R5 and R5* are hydrogen, alkyl, (alkyl)amino, (alkyl)substituted 
5 amino or haloalkyl; or 

R 4 and R* taken together with the carbon atoms to which they 
are attached form a 5- to 7-membered ring which can optionally contain a 
0,SorNR7 ; 

R 6 is hydrogen, hydroxy or -OCOR; 
10 R7 is hydrogen, alkyl, aryl, arylalkyl, cycloalkyl or 

(cycloalkyl)alkyl; and 

n is an integer of 1 to 3; provided that when Y is NCN, R 4 is 
aryl or (aryl)alkyl and R5' is hydrogen, then R 5 is other than hydrogen. 

The compounds of this invention possess antiischemic activity and 
15 are useful, for example as cardiovascular agents. 



The present invention provides for compounds of formula I, 
pharmaceutical compositions employing such compounds and for methods 

20 of using such compounds. Listed below are definitions of various terms 
used to describe the compounds of the instant invention. These definitions 
apply to the terms as they are used throughout the specification (unless 
they are otherwise limited in specific instances either individually or as 
part of a larger group, 

25 The term "alkyl" refers to both straight and branched chain groups 

having 1 to 8 carbon atoms in the normal chain, preferably 1 to 5 carbons, 
such as methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, the 
various branched chain isomers thereof, such as isopropyl, t-butyl, 
isobutyl, isohexyl, 4,4-dimethylpentyl, 2,2,4-trimethylpentyi and the like 

30 as well as such groups including a halo substituent such as CCI3 or CF3, 
an alkoxy substituent, an aryl substituent, an alkylaryl substituent, a 
haloaryl substituent, a cycloalkyl substituent, a (cycloalkyl)alkyl 
substituent, a hydroxy substituent, an alkylamino substituent, an 
alkanoylamino substituent, an arylcarbonylamino substituent, a nitro 
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substituent, a cyano substituent, a thiol substituent or an alkylthio 
substituent 

The term "alkoxy" refers to any of the above alkyl groups linked to 
an oxygen atom. 

The term "alkylthio" refers to any of the above alkyl groups linked 
to a sulfur atom. 

The term "alkenyi" refers to any of the above alkyl groups further 
containing at least one carbon to carbon double bond. 

The term "alkynyl" refers to any of the above alkyl groups further 
containing at least one carbon to carbon triple bond. 

The term "cycloalkyl" refers to saturated cyclic hydrocarbon 
groups containing 3 to 7 ring carbons with cyclopropyl, cyclopentyl and 
cyclohexy 1 being preferred. 

The term "halogen" or "halo" refers to chlorine, bromine, iodine 
and fluorine. 

The term "aryl" refers to phenyl, 1-naphthyl, 2-naphthyl; phenyl, 
1-naphthyl, 2-naphthyl, mono-substituted with (Ci-GO-alkyl, 
(Ci-QValkylthio, (Ci-GO-alkoxy, halo, nitro, cyano, hydroxy, amino, 
(alkyOamino, alkyl-substituted amino, -NH-(Ci-C4)-alkyl, -N((Ci- 

C4)-alkyl), -CF 3 , -OCHF 2 , ~ ^"^f , -SCH 2 -^ 
(wherein Z is hydrogen, (Ci-GO-alkyl, (Ci-Q)-alkylthio, (Q-GO-alkoxy, 
halo, hydroxy or -CF 3 ), -0-Qi2-cycloalkyl, or -S-CH 2 -cycloalkyi; and 
phenyl, 1-naphthyl or 2-naphthyl, di-substituted with methyl, methoxy, 
methylthio, halo, -CF3, nitro, amino or -OCHF2. The term "aryl" also 
includes those groups listed above fused to a five- or six-membered ring 
which optionally contains an O, S or N atom (the nitrogen atom being 
substituted by an Regroup). Preferred aryi groups include unsubstituted 
phenyl and monosubstituted phenyl wherein the substituents are 
(Ci-GO-alkyl, methoxy, halo, nitro, cyano or -CF3. 

The term "heterocyclo" or "hetero" refers to fully saturated or 
unsaturated rings of 5 or 6 atoms containing one or two oxygen and/or 
sulfur atoms and/or one to four nitrogen atoms provided that the total 
number of hetero atoms in the ring is four or less. The hetero ring is 
attached by way of an available atom. Preferred monocyclic hetero groups 
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include 2- and 3-thienyl, 2- and 3-furyl, 2-, 3- and 4-pyridyl and 
imidazolyl. The term hetero also includes tricyclic rings wherein the five 
or six numbered ring containing oxygen, sulfur and/or nitrogen atoms as 
defined above is fused to a benzene ring and the bicyclic ring is attached 
by way of an available carbon atom. Preferred bicyclic hetero groups 
include 4-, 5-, 6- or 7-indolyl, 4-, 5-, 6- or 7-isoindolyl, 5-, 6- . 7- or 
8-quinolinyl, 5-. 6- , 7- or 8-isoquinolinyl, 4-, 5-, 6- or 7-benzothiazoiyl, 
4-, 5-, 6- or 7-benzoxazolyl, 4-, 5-, 6- or 7-betizimidazolyl, 4-, 5-, 6- or 
7-benzoxadiazolyl and 4-, 5-, 6- or 7-benzofuranzanyl. 

The term "heterocyclo" or "hetero" also includes such monocyclic 
and bicyclic rings wherein an available carbon atom is substituted with a 
(Ci-Q)-alkyl, (Ci-CO-alkylthio, (Cj-QO-alkoxy, halo, nitro.keto, cyano, 
hydroxy, amino, -NH-(Ci-C4)-alkyl, -N((Ci-C4)-alkyl>2, -CF 3 or -OCHFj 
or such monocyclic and bicyclic rings wherein two or three available 
15 carbons have substituents selected from methyl, methoxy, methylthio, 
halo, -CF3, nitro, hydroxy, amino and -OCHF2. 

The term "substituted amino" refers to a group of the formula 
-NZlZ? wherein Z> is hydrogen, alkyl, cycloalkyl, aryl, arylalkyl, 
(cycloalkyl)alkyl and Z 2 is alkyl, cycloalkyl, aryl, arylalkyl, 
20 (cycloalkyl)alkyI or Z* and Z? taken together with the nitrogen atom to 
which they are attached are l-pynolidinyl, 1-pipmdinyl, l-aiepinyl, 
4.moroholmyl,4-thiamorpholinyl, 1-piperaanyl, 4-alkyl.l.piperaanyl, 
4-arylalkyl-l-pipsfa2inyl, 4-diaryialkyl-l-piperaziiiyl, 1-pyirolidinyl, 
1-piperidinyl, or 1-azepinyl, substituted with alkyl, alkoxy, alkylthio, halo, 
23 trifluoromethyl or hydroxy. 

The compounds of formula I can be present as salts, in particular 
pharmaceutical^ acceptable salts. If the compounds of formula I have, for 
example, at least one basic center, they can form acid addition salts. 
These are formed, for example, with strong inorganic acids, such as 
30 mineral acids for example sulfuric acid, phosphoric acid or a hydrohalic 
acid, with strong organic carboxylic acids, such as alkanecarboxylic acids 
of 1 to 4 carbon atoms which are unsubstituted or substituted, for example, 
by halogen, for example acetic acid, such as saturated or unsaturated 
dicarboxylic acids, for example oxalic, malonic, succinic, maleic, f umaric. 
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phthalic or terephthalic acid, such as hydroxycarboxyUc acids, for example 
ascorbic, glycolic, lactic, malic, tartaric or citric acid, such as amino acids, 
for example aspartic or glutamic acid, or such as benzoic acid, or with 
organic sulfonic acids, such as (Q-GO-alkyl- or aryl-sulfonic acids which 
are unsubstituted or substituted, for example by halogen, for example 
methane- or p-toluene-sulfonic acid. Corresponding acid addition salts 
can also be formed having, if desired, an additionally present basic center. 
The compounds of formula I having at least one acid group (for example 
COOH) can also form salts with bases. Suitable salts with bases are, for 
example, metal salts, such as alkali metal or alkaline earth metal salts, for 
example sodium, potassium or magnesium salts, or salts with ammonia or 
an organic amine, such as morpholine, thiomorpholine, piperidine, 
pyrrolidine, a mono-, di- or tri-lower alkylamine, for example ethyl-, 
tert-butyl-, diethyl-, diisopropyl-, triethyl-, tributyl- or dimethylpropyl- 
amine, or a mono-, di- or trihydroxy lower alkylamine, for example 
mono-, di- or triethanolamine. Corresponding internal salts may 
furthermore be formed. Salts which are unsuitable for pharmaceutical 
uses but which can be employed, for example, for the isolation or 
purification of free compounds I or their phaimaceutically acceptable salts, 
are also included. 

All stereoisomers of the compounds of the instant invention are 
contemplated, either in admixture or in pure or substantially pure foim. 
The compounds of the present invention can have asymmetric centers at 
any of the carbon atoms including any one of the R substituents. 
Consequently, compounds of formula I can exist in diastereomeric forms 
or in mixtures thereof. The above described processes can u tilize 
raeematss, enantiomere or diastereomers as starting material s , When 
diastereomeric products are prepared, they can be separated by 
conventional methods for example, chromatographic or fractional 
crystallization. Preferred compounds are those with the 3S or 4R 
stereochemistry. 

It should be understood that the present invention includes prodrug 
forms of the compounds of formula I such as alkylesters of acids. 
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The compounds of the instant invention may, for example, be in 
the free or hydrate form, and may be obtained by methods exemplified by 
the following descriptions. 

Compounds of formula I wherein Y is oxygen or sulfur and R 4 is 
hydrogen, can be prepared by reacting amine of formula 

n 



with an isocyanate (where Y is O) or isothiocyanate (where Y is S) of 



presence of a base such as triethyl amine, pyridine and sodium 



Compounds of formula I wherein Y is oxygen or sulfur can also be 
prepared by first reacting the amine of formula H with a compound of 




formula 

in 



R3-N=C=Y 



formula 
IV 



a 



to provide an intermediate of formula 
V 




which can be further reacted with an amine of formula 
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Compounds of formula I wherein Y is oxygen or sulfur can also be 
prepared by reacting an amine of formula VI with a chJoroformate (where 
Y is O) or chlorothionoformate (where Y is S) of formula IV to provide an 
intermediate of formula 



which can then be reacted with an amine of formula H in the presence of a 
base such as triethylamine, pyridine and sodium hydride. 

Compounds of formula I wherein Y is NCN can be prepared by 
treatment of a compound of formula I wherein Y is sulfur with cyanamide 
in the presence of a carbediimide such as dicyclohexylrarbodiimide and 
an amine such as triethylamine. 

Compounds of formula I wherein Y is NCN can also be prepared 
by first reacting an amine of formula H with (uphenylcyanocarboniirudate 
to provide an intermediate of formula 

vm 



which can be further reacted with an amine of formula VI in the presence 
of a base such as triethyl amine and sodium hydride or a Lewis acid such 
as trimethylalununum. 




R^N 
R 3 
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Compounds of formula I wherein Y is NCN can also be prepared 
by treatment of a compound of formula VI with diphenylcarboniinidate to 
provide an intermediate of formula 
K 



5 




'NCN 



10 



15 



which can be further reacted with an amine of formula II in the presence of 
a base such as triethylamine and sodium hydride or a Lewis acid such as 
trimethylaluminum. 

Amine of formula H wherein X is a single bond, R 2 is cyano, can 
be prepared according to Schemes A and B, below. Other compounds of 
formula H wherein X is a single bond and R 2 is other than cyano (e.g., 
nitro, CF 3 , halo etc, S-alkyl, O-alkyl) can be prepared by slight 
modification of Schemes A and B. 

SCHEME A 



Me 



2)Cu<I)CN,KCN ^y-M* ^^Se 
M« Me 
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mmm 



(\ N(h B^AcOH Br W W °» AcOaNaN^^WNO, 
^^Nlfo "^V^mm. Benzene " >L^^ 



'NWj ~ ^^^NHj Benzene *" 



Compounds of formula II wherein X is oxygen and R2 is cyano can 
be prepared according to schemes C and D. Compounds of formula II 
wherein X is oxygen, sulfur, NH, N(lower alkyl) or CO and R 2 is other 
than cyano, can be prepared by modification of scheme C. Compounds of 
formula H wherein X is sulfur, NH, N(lower alkyl) or CO and R* is cyano, 
can be prepared by modification of scheme C 



schemes 

NC, 



NHj 



SCHEMED 



Compounds of formula m, IV and VI are commercially available. 

The compounds of the present invention and any one of the R's can 
have asymmetric carbons. Consequently, compounds of formula I can 
exist in diastcreomeric forms or in mixtures thereof. The above described 
process can utilize racemates, enantiomers or diastereomers as starting 
materials. When diastcreomeric products are prepared, they can be 
separated by conventional chromatographic or fractional crystallization 
methods. 
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Compounds of formula I, wherein and R*' are hydrogen can 
exist as tautnmers p. I" and r. All of the tautomeric forms are included i 



The preferred compounds of the present invention are those 
compounds of formula I where: 

X is a single bond, O or S; 

Yis-O-orNCN; 

R 1 is t-butyl, cycloalkyl or aryl; 

R 2 is hydrogen. CN, NO2, CONH 2 , CF 3 or halo; 

R 3 is hydrogen: and 

R 4 is aryl or heterocyclo. 



the scope of this invention. 




r 
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Compounds of fonnula I may be used as anaischemic agents, i.e., 
for the treatment of ischemic conditions such as myocardial ischemia, 
cerebral ischemia, lower limb ischemia and the like. 

Thus a composition containing one (or a combination) of the 
compounds of this invention, may be administered to a species of mammal 
(e.g., humans) suffering from an ischemic or hypertensive condition. 

A single dose, or two to four divided daily doses, provided on a 
basis of about 0.001 to about 100 mg per kilogram of body weight per day 
preferably about 0.1 to about 25 mgper kilogram of body weight per day ' 
is appropriate. The substance is preferably administered orally, but 
parenteral routes such as the subcutaneous, intramuscular, intravenous or 
intraperitoneal routes or any other suitable delivery system, such as 
intranasal or transdermal routes can also be employed 

As a result of the potassium channel activating activity of 
compounds of this invention, these compounds are also useful in the 
treatment of cardiovascular disorders and any disorders associated with 
smooth muscle contraction. For example, compounds of the present 
invention are useful as therapy for congestive heart failure, therapy for 
peripheral vascular disorders (e.g. Raynaud's Disease), therapy for 
pulmonary hypertension, as anti-anginal agents, as antifibrillatory agents 
and in limiting myocardial infarction. 

Compounds of the present invention are additionally expected to 
be useful in the treatment of central nervous system disorders (e.g.. 
Parkinsonism, as anti-tremor agents, epilepsy), in therapy for renal' failure, 
m therapy for urinary incontinence, as anti-diarrheal agents, in therapy for 
pre-eclampsia, dysmenorrhea and premature labor, for the treatment of 
male impotence, as well as for the promotion of hair growth (e.g., in the 
treatment of male pattern baldness) and as anti-asthmatic agents. 

The compounds of this invention can also be formulated in 
combination with a diuretic such as chlorothiazide, hydrochlorothiazide, 
flumethiazide, hydroflumethiazide, bendroflumethiazide, methyl- 
chlothiazide, trichloromethiazide, polythiazide or benahiazide as well as 
ethacrynic acid tricrynafen, chlorthalidone, furosemide, musohmine. 
bumetaitide, triamterene, amiloride and spironolactone and salts of such 
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compounds, angiotensin converting enzyme inhibitors such as captopril. 
zofenopril, fosinopril, enalapril, ceranopril, cilazopril, delapril, pcntopril, 
quinapril, ramipril, lisinopril, and salts of such compounds, thrombolytic 
agents such as tissue plasminogen activator (tPA), recombinant tPA, 
streptokinase, urokinase, prouroidnase, and anisoylated plasminogen 
streptokinase activator complex (APS AC, Eminase, Beecham 
Laboratories), or calcium channel blocking agents such as nifedipine or 
diltiazeia Such combination products if formulated as a fixed dose 
employ the compounds of this invention within the dose range described 
above and the other phaimaceutically active agent within its approved 
dose range. 

The compounds of formula I, and combinations thereof, can be 
formulated, as described above, in compositions such as tablets, capsules 
or elixirs for oral administration, in sterile solutions or suspensions for 
parenteral administration, and may also be administered via transdermal 
patch or nasal inhalation solutions. About 10 to about 500 milligrams of a 
compound of formula I is compounded with physiologically acceptable 
vehicle, carrier, excipient, binder, preservative, stabilizer, flavor, etc., in a 
unit dosage form as called for by accepted pharmaceutical practice. The 
amount of active substance in these compositions or preparations is such 
that a suitable dosage in the rang indicated is obtained. 

The following examples and preparations describe the manner and 
process of making and using the invention and are illustrative rather than 
limiting. It should be understood that there may be other embodiments 
which fall within the spirit and scope of the invention as defined by the 
claims appended hereto. 
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25 



30 



Example 1 

N.[5-Cyano-2-(l,l-dimeU I yielhyJ)pi ! e n y3].N'.(pb S nylm E toyS)ur ea 

A. (U-DSmethytetby|>.2^Jjnitrobenasne 
To a mixture of concentrated sulfuric acid (50 mL) and 70% nitric acid 
(40 mL) at 4S«C was added ter-butylbenxene (30.0 g, 0.22 mol) over the 
course of 30 minutes (the addition was moderately exothermic). The 
reaction mixture was stirred for 45 minutes upon completion of the 
addition and transferred to a separatory funnel. The organic phase was 
separated and the acid fraction was diluted with ice water and extracted 
with ethyl acetate. The organic fractions were combined and washed with 
water. IN sodium hydroxide and saturated sodium chloride solution The 
extract was dried over magnesium sulfate and evaporated in vacuo to 
obtain a yellow solid (42 g). The crude material was triturated with cold 
ethanol to afford the title compound (34.6 g, 70%) as a pale yellow solid, 
mp 60-62-C. Analysis calculated for C,oH 12 N 2 04: C 53.57; H, 5.39; N 
12.49. Found: C. 53.70; H, 5.41; N, 12.22. 

B. ^^^(l^^imethyiethyl^iJitrobenzene 
To a slurry of title A compound (20.0 g, 89 mmol) in water (1 12 mL) at 
100'C was added (over 1.25 hours) a solution of sodium sulfide»9H 2 0 
(42.8 g) and sulfur (5.70 g) dissolved in distilled water (67 mL). The 
reaction mixture was heated for 1.5 hours at 100°C and cooled to room 
temperature. The reaction mixture was partitioned between diethyl ether 
aMdisulled water. The organic phase was washed with saturated sodium 
chloride solution, dried over magnesium sulfate and evaporated in vacuo 
to obtain an orange gum (18 g). The crude material was chromatography 
on silica gel eluting with 3: 1 hexane/ethyl acetate to obtain the desired 
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. product (14.8 g, 86%) as an orange oil which slowly crystallized on 
standing, mp 57 - 58°C. Analysis calculated for C10H14N2O2: C, 61 84- 
H, 7.26; N, 14.42. Found: C, 61.97; H, 7.19; N, 14.14. 

5 C ^KLLDimethylethyD-S-nitro-benaonitrile 

To a solution of tide B compound (10.0 g, 51.5 mmol) in ethanol (50 mL) 
at 0°C was added a solution of concentrated hydrochloric acid (12 5 mL) 
m ethanol (87.5 mL) followed by a solution of sodium nitrite (3.91 g 
56.6 mmol) in distilled water (25 mL). The reaction mixture was stirred at 

10 0 8 C for ten minutes and added in portions to a solution of 

copper(l)cyanide (18.45 g) and potassium cyanide (13.41 g) in distilled 
water (200 mL) at 100'C The reaction mixture was stirred an additional 
15 minutes at 100'C, cooled to room temperature, and partitioned 
between distilled water and ethyl acetate. The organic fraction was 

15 washed with saturated sodium chloride solution, dried over magnesium 
sulfate and evaporated in vacuo to obtain an orange gum (8.20 g). The 
crude product was purified by chromatography on silica gel eluting with 
9:1 hexane/ethyl acetate to afford the title compound (3.74 g, 42%) as a 
yellow solid, mp 67 - 69'C. Analysis calculated for CH^Oz: C 
20 64.69; H, 5.92; N, 13.72. Found: C. 64.60; H, 5.94; N, 13.51 

D 3-Amin<HKI,l.dimetl>yl«thy|)b«jzonitriIe 

A mixture of tide C compound (3.74 g, 1 8.3 mmol) and stannous chloride 

dihydrate (20.6 g, 91.6 mmol) in ethanol (25 mL) was heated at reflux for 

25 45 minutes. The reaction mixture was poured onto ice and neutralized 
with solid sodium bicarbonate. The pH was adjusted to ca. 12 with 50% 
NaOH solution and the reaction mixture was extracted with diethyl ether 
The extracts were washed with saturated sodium chloride solution, dried 
over magnesium sulfate and evaporated in vacuo to obtain the desired 

30 compound (3.20 g, 100%) as a brown solid. The crude product was used 
in the next step without further purification. 
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^ N -f5-Cyano-2.(l,l-dim a thy!ethyl)phenyl].N'.(ph eM y| m eUiy!)- 

A solution of tiUc D compound (0.40 g, 2.29 mmol) and benzyl isocyanate 
(0.31 g.2^9mmol)inchlo I ofonn(4mL)washeatedat re flu 3 cfor 12 
hours. The solvent was recovered under vacuum and the residue was 
chromatographed on silica eluting with hexane/ethyl acetate (3:2) to obtain 
the ode compound (0.49 g, 70%) as an off-white solid, mp 160-161»C 
Analysis calculated for C 19 H 21 N 3 0: C, 74.24; H, 6.89; N, 13.67. Found- 
C, 74.02; H, 6.85; N, 13.82. 



Example 2 

N-[5-Cyano-2.(l,l.dimethy5e!hy5)p{!enyi]-N , .ph£nylurea 

A solution of 3-animo-4-(lJ-dimethylethyl)benzonitrile (0.40 g, 
2.29 mmol; the tide D compound of Example 1) and phenyl isocyanate 
(027 g, 2.29 mmol) in chloroform (4 mL) was heated at reflux for 16 
hours. The solvent was recovered under vacuum and the residue was 
triturated to obtain the tide compound (0.58 g, 86%) as an off-white solid. 
The partially purified product was crystallized from isopropanol to obtain 
an off-white solid (0.46 g), mp 225-226'C. Analysis calculated for 
Ci8H,9N 3 CW).19H 2 0: C. 72.83; H, 6.58; N, 14.16. Found: C.73 04 H 
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Example 3 

f-{5.Cyano.2.(l,l.d«n I 8lhyletliyl)phenyl].N'.(3.pyridinyl)urea 




A solution of 3-amino-4-<l ,l-dimewylewyl)benzonitrile (0.50 g, 
2.87 mmol: the tide D compound of Example 1) and nicounyl azide 
(0.27 g, 3.58 mmol) in toluene (10 mL) was heated at 85°C for three 
hours. The solvent was recovered under vacuum and the residue was 
crystallized from ethyl acetate/isopropanoVhexane to obtain the tide 
compound as an off-white solid (0.50 g, 59%), mp 194-196°C. Analysis 
calculated for C17H18N4OO.43H2O: C, 67.60; H, 6.29; N, 18.55. Found- 
C, 68.05; H, 6.24; N, 18.10. 



Example 4 

N n -CyaiM>.N.[S^yan!>.2.(l,l^l!methyiethy8)pheisylJ-N'. 
phenylguanidiae 
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A. N-[S.Cyano-2.(l,l.dimetli y iethyl)phenylJ.N'.(phenyIni8tl 1 y|). 
thiourea 

To a solution of 3-amino-4-(l , 1 -dimethylelhyl)benzonitrile (0.60 g, 
3.44 mmol; the title D compound of Example 1) and phenyl isothiocyanate 
(0.51 g, 3.79 mmol) in dry tetrahydrofuran (6 mL) cooled to 0°C was 
added sodium hydride (60% dispersion in mineral oil 0.15 g, 3.77 mmol). 
The reaction was heated at reflux for two hours and quenched by the 
addition of distilled water. The phases were separated and the aqueous 
phase was extracted with ethyl acetate. The combined organic phases 
were washed with saturated sodium chloride solution and dried over 
magnesium sulfate. The solvent was recovered under vacuum to obtain a 
brown gum. The crude material was chromatographed on silica eluting 
with hexane/ethyl acetate (3:1) to obtain partially purified material (0.58 
g) as a yellow foam 

B. N"-Cyano.N-[5.cyan8>.2-(i,l-<iimethyEe^yi)phEfiyS].N'.ph e nyS. 
giuuudine 

A solution of title A compound (0.55 g, 1.8 mmol), cyanantide (0.1 1 g. 
2,67 mmol), dicyclohexylcarbodiimide (0.73 g, 3.56 mmol) and 

20 triemylamine (12 mg) in N^Hlimemylfonnamide (2.75 mL) was stirred at 
room temperature for 18 hours. The reaction mixture was partitioned 
between ethyl acetate and 10% citric acid solution. The organic fraction 
was washed with distilled water, saturated sodium chloride solution and 
dried over magnesium sulfate. The solvent was recovered under vacuum 

25 to obtain a brown gum. The crude material was partially purified by 
chromatography on silica gel eluting with hexane/ethyl acetate (2:1) to 
obtain a white foam (0.53 g) which was further purified by reverse phase 
preparative HPLC to provide the title compound (0.12 g) as a white solid. 
mpl94-196°C Analysis calculated for Ci 9 H 19 N3.0.26H2O: C. 70.85; H. 

30 6.1 1;N, 21.74. Found: C, 71.15; H, 6.00; N, 21.44. 
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Examples 

N".CyaiM>.N.[5.cyano-2.(l,Wi m etii y iethyi)ph«jylJ.N , .(3. 
pyridinyl)guaoidine 




A. 3-(((Cyai5oimino)p5ieaosymelfey!)amino]-4-(l,l.d!me«hyJ- 
etby!)benzonitrile 

To a solution of 3-amino-4-(l ,l-dimethylethyl)bcnzoniiriIe (0.25 g, 
1.43 mmol; the tide D compound of Example 1) in dry tetrahydromran 
(5 mL) was added sodium hydride (60% dispersion, 91 mg, 2.3 mmol). 
After storing at room temperature for 15 minutes, 
diphenylcyanocarboiumidate (0.51 g, 2.15 mmol) was added. The 
reaction mature was heated at reflux for four hours and quenched by the 
addition of saturated ammonium chloride solution. The layers were 
separated and the aqueous layer was extracted with ethyl acetate. The 
combined organic layers were washed with saturated sodium bicarbonate 
solution, saturated sodium chloride solution, dried over magnesium sulfate 
and evaporated in vacuo to obtain a brown gum (0.89 g). The crude 
material was purified by chromatography on silica gel eluting with 
hexane/ethyl acetate (7:3) to obtain the title compound (0.35 g, 77%) as a 
pale green solid, mp 179-181°C. 

B. N".Cyano.N-tS-cyano-2-(i,l.dimetljyleMiy!)phenyl].N , .(3. 
pyridinyl)gjganidine 

A solution of title A compound (0.40 g, 1.26 mmol) and 3-aminopyridine 
(0.14 g, 1.51 mmol) in N^-dimemylformamide (8 mL) was heated under 
argon at 100°C for four hours. The reaction mixture was partitioned 
between distilled water and ethyl acetate. The organic phase was washed 
with distilled water, saturated sodium chloride solution, dried over 
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magnesium sulfate and evaporated under vacuum to obtain a brown gum. 
The crude material was purified by chromatography on silica gel during 
with hexane/ethyl acetate (7:3) to give a pale yellow solid which was 
crystallized from isopropanol to give an off-white solid (0.23 g, 58%), mp 
219-221°C. Analysis calculated for Ci8Hi8N6«0.30C3H8O: C, 67.48; H, 
6.11; N, 24.98. Found: C, 67.47; H, 5.87; N, 24.93. 



Example 6 

N-[(4.Ch!oro-3-pyridinyl)-N , .(S<yano-2-(l,l.diniethyletl»yl)- 
phenyl]urea 




A. 3-(Phes5oxycarbony0amino-4»(14-dinsethySethyS)-benzcnHri!e 
To a solution of 3-ammo-4-(ia-dimethylethyl)benzonitrile (1.5 g, 
8.61 mmol; the title D compound of Example 1) in methylene chloride 
(15 mL) containing pyridine (0.85 g, 10.76 mmol) cooled to O'C was 
added phenyl chloroformate (1.42 g, 9.0 mmol). The reaction mixture was 
stined for one hour at ambient temperature, then partitioned between ethyl 
acetate and IN hydrochloric acid solution. The organic phase was washed 
with saturated sodium bicarbonate solution, saturated sodium chloride 
solution and dried over magnesium sulfate. The solvent was recovered 
under vacuum to obtain a red gum. The crude product was purified by 
chromatography on silica gel eluting with hexane/ethyl acetate (4: 1) to 
afford the desired compound as a gummy white solid (2.38 g , 94%). 
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B. N.[(4-Ch!oro.3-pyriiJj n yi)-N'.[S-cy aa o.2-(l f l.dij 1 mhyJ e tl,ya). 
phenyljurea 

A solution of title A compound (0.60 g, 2.04 mmol) and 5-amino-2- 
chloropyridine (0.29 g, 2.24 mmol) in N^-dimethylfonnainide (6 mL) 
containing N,N-diniewyIaminopvridine (50 mg) was heated at 100°C for 
45 minutes. The reaction mixture was partitioned between ethyl acetate 
and saturated sodium bicarbonate solution. The organic phase was washed 
with saturated sodium bicarbonate solution, saturated sodium chloride 
solution, dried over magnesium sulfate and evaporated in vacuo to obtain 
a pink solid. The crude material was purified by chromatography on silica 
gel during with ethyl acetate/hexane (2:1) to obtain a colorless solid 
(0.63 g, 73%) mp 233-234'C. Analysis calculated for CwHnJfcOCM) 12 
H 2 0: C, 61.71; H, 5.25; N, 16.93; CI, 10.71. Found: C, 61.93; H, 5.06; 
N, 16.71; Q, 10.53. 



(7 

N.[S-Cyano-2.(l,l.dimethy!ethy0phen^N , .[l > 3^«iiydro.2. 
(phenylmethy!)-2H-isoindol-5-y!]urea 



Ort 



9v 



A. 23-»j8aydn>.5-rBitrj>.2-(p3jenylmc4i3y!)]-lH.iscindol8 

The title compound was prepared according to the procedure described in 

U.S. Patent 5,026,856, issued in 1991 to T. Yatsunami et aL 
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B. S-Aaaino.2^dihydro.2.(pb«iylnieUsyI)].lH.isoincloje 

A suspension of tide A compound (2.0 g, 7.8 mmol) in ethanol (50 mL) 
was treated with stannous chloride hydrate (8.8 g, 38.0 mmol) at room 
temperature and the reaction mixture was stirred for four hours. The 
reaction mixture was concentrated in vacuo, basified with saturated 
potassium carbonate solution, diluted with ethyl acetate (200 mL) and 
Filtered through celite. The two layers were separated and aqueous layer 
was extracted with ethyl acetate one more time. The combined extracts 
were washed with brine (100 mL), dried over anhydrous magnesium 
sulfate and evaporated. The residue was triturated with isopropyl ether to 
give the tide compound (1.3 g, 74%) as a brown solid, mp HO-IWC. 

C. N-[5-Cyano.2-(l,l-tii!Betlsylelhyl)p5j£ny!] D N , .[13-d3hydTO-2- 
(phenylmetbyl).2H-isoindog.5.ya]urea 

The tide compound was prepared from 3-{phenoKycarbonyl)amino-4-( 1 , 1 - 
dimemylemylVbenzonitrile (0.35 g, 1.19 mmol; the tide A compound of 
Example 6) and 5-amino-2,3-dihycln>-2-(phenylmeuhyl)]4H-i3oindole 
(0.28 g, 1.25 mmol; the tide B compound) by the same procedure as 
described in Example 6, part B. The crude material was purified by 
chromatography on silica gel eluting with 2.5% methanol in ethyl acetate 
to obtain an off-white foam which was triturated with isopropyl ether to 
provide the tide compound (0.34 g, 63%) as an off-white solid, mp 1 85- 
187°C. Analysis calculated for C27H28N4OO.37 H 2 0: C. 7522; H, 6.72; 
N, 12.99. Found- C, 75.59; H. 6.70; N, 12.62. 
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Examples 



N.[5-Cy aai v.2-(l ( l.dim 8 % ! eS5,yl)pi le a y 5]. N .. [ 3„ I j 8im!!yl 
(p&enylmethyDaminoJiBethyljpbenyllurea 

O-s 



The tide compound was prepared from 3-(phcno Xy carbon y l)amino^( 1 , 

rcr^l de T ,ibCdinEXa,np,e6 ' pa " B - ^crlma^ 

« mpl54-156«C. Analysis calculi^ for 

C27H30N4CM). 16 H2O: C 755I-H in.M - I0r 

7.10; N; 13.01. ^ ' ^ * FoW± °» 75 ^ H, 



Example 9 
N-Whlo ro pfeeny™.2.(^^ 

dimethylethyOphenyijureo 1 W«-(M- 



XT. 
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A. 4*CbIoro-N*[(2-diBnelbyl&mino)ethyi]&nilfine 

To an ice cold reaction mixture containing 4-chioro aniline (128 g, 
10.0 mmol) and 2-dimethylaminoethyl chloride (6 mL of a 2M solution in 
5 toluene) in dimcthylformamidc (5.0 mL) under argon was added sodium 
hydride (SIS mg of 60% dispersion, 13.0 mmol). The cooling bath was 
removed and the reaction was stirred at room temperature for two hours. 
The reaction mixture was heated at 65°C for 16 hours. The reaction 
mixture was allowed to cool to ambient temperature and carefully diluted 

10 with water. It was extracted with ethyl acetate; ethyl acetate extracts were 
washed with water and dried over magnesium sulfate. The solvent was 
evaporated to yield a brown oil This material was combined with another 
batch of the same product and purified by flash chromatography on silica 
gel (10% methanol in dichloromethane) to yield the tide compound as a 

15 yellow oiL 

B. N^Ch8orophmyl-N-2«(dim^hyljmuno)e^yl«N , [5K:ya]rao-2- 
(14~dimetbyleihyi)phenyi)ure& 

The tide compound was prepared from 4-chloro-N-[(2-dimethylamino)- 
20 ethyl]aniline (the tide A compound) and 3-(phenoxycarbonyl)amino-4- 
(l,l-dimethyiethyl)-benzonitrile (the tide A compound of Example 6) by 
the same procedure as described in Example 6, part B. The crude material 
was chromato graphed on silica eluting with methylene chloride/methanol 
(9:1) to obtain an amber gum (0.38 g, 70%) which was triturated with 
25 isopropyl ether to obtain a white solid, mp 93-95°C. Analysis calculated 
for C22HZ7N40CMU2 H 2 0: C, 65.87; H, 6.85; N, 13.97; CI, 8.84. 
Found: C, 66.28; H t 6.80; N, 13.56;C1, 8.89. 



11 
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15 



20 



Example 10 

V 

We title xompound ™ p,^ torn J-tphe^^to™,,),,^^ . 
^yl-yD-ba^i* We Slle a cap™/* eJ^T^ U 

B. ^^^altwpmfflrfbych^^, J^* 1 ™ 

^.tNso. e.«. 0 7; ft3 . 8 „. N-2 3., I Foui|d; J 88;N 

Esample II 



Mr 



XT. 



The title compound was prepared from 3-( P h en0 x y carbonyl)amino^(i 1 
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a 5.8* n. £f ■ ' **"• ft 3 M; * 2316 - *-* c. 



0 



Q 



"xr. 



The crude material was ramtt^ u **»wipie o, pan a. 

with 7 5% ZT ^ P by chromato 8«Phy on silica gel during 
with 7.5% methanol in methylene chloride to obtain ,h, h,i. 

^feC^O.!.^ C 64 61 H 6«.M^ 

C 64.66; H, 6.07; N. 17.68. ' * 17 ' 71 Found: 
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Example 13 

N^S.Cyano.2-(l,lwUmeUijie4M)pbe n y| J .N'.(2-pyridfay|)ure. 



NC^^. mm 

Ac- 

The tide compound was prepared from 3-( P henoxycarbonyl)anu„o-4-(l 1- 
d^thylethyO-benzonitrilc (ths dtJc A compound of Example 6) and 2-' 
ammopyridine by the same procedure as described in Example 6. pan B 
The crude material was purified by chromatography on silica gel eluting 
with ethyl acetate/hexane (1:1) to obtain the title compound (0.36 g 77%) 
as an off-white solid, mpl98-200'C. Analysis calculated for ' 
C,7jW4O0.20C4H 8 O2: C 68.53; H, 6.33; N, 17.96. Found: C 68.52; 



Example 14 

N.[4.Cyano.(U , -blph en yi).2.y|j.N'.(3.pyridinyJ) U rea 
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A. 



30 



To a solution of 2-nitroaniline (10 0 e 72 d mm «n „ a 

no a\ Hic^i _ • , g ' /jJ * 4 mmo1 ) and sodium acetate 

(10 g) dissolved in glacial acetic aeirf nm«i\ i ^ „ 

U0.7 g, 68%) as an orange solid. 

10 B. 4-Bromc-2-nitrobiphenyj 

To ablution of tide A compound (10.68 g, 49.2 mmol) dissolved in a 

wo c was added an aqueous solution of sodium nitrite (3.74 g 
54. 1 mmol, dissolved in 47 mL distilled water) over a period of 'l5 
15 mmutes. Af^ sdning m 1() ^ ^ ^ ^ 

^ ^ ^acetate were added and the reaction mixture was 
sn^48hoursatroomternpe ratoe . The reaction mass was transferred 
The aQ^^m^b ^" n ^ ^ e organic fraction was separated and set aside. 
0 ^ ™ ^ed to the ration fh* and fresh benzene 

0 3WmL)wasadded. Themaction nuxtnre was stirred an additional 24 

coZL ar00mtCmPmmrc - 7116 flayer was separated and the 
catad organtcs were washed with saturated sodium chloride solution 
a^dried over magnesium sulfate. Resolvent was removed and the 
r^due wasazeonoped with heptane to obtain a dark brown solid (12.2 g) 
k Chromat0gniphcd on cluting with 15% ethyl 

C. 4-Cyano»2-nitrobiplieBByl 

o'rln ! 456 6 ' ^ ^-pper (I) cyanide 

Wrf*T ^-methylpyrrotidone (45 mL) was heated a, ,75- 
180 C for 2.5 hours. The reaction mixture was cooled to room 
temperature and diluted with a large excess of diethyl ether. The 
prmpitated solids were filtered and the filtrate was washed with distilled 
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water, IN hydrochloric acid, saturated sodium bicarbonate solution and 
brine. The extract was dried over magnesium sulfate and evaporated in 
vacuo. The crude material was chromatographed on silica eluting with 
hexane/ethyl acetate (4:1) to obtain the tide compound (2.08 g) as a pale 
yellow solid. 

D. 2>AntiQo-4>cyanobiphenyi 

A mixture of tide C compound (1.82 g, 8.12 mmol) and stannous chloride 
dihydrate (9.16 g, 40.6 mmol) in ethanol (20 mL) was heated at reflux for 
45 minutes. The reaction mixture was poured onto ice/water and 
neutralized with solid sodium bicarbonate. The pH was adjusted to 12 
with sodium hydroxide solution and the aqueous mixture was extracted 
with ethyl acetate. The extract was washed with saturated sodium chloride 
solution and dried over magnesium sulfate. The solvent was recovered in 
15 vacuo to obtain a yellow gum which was triturated with cold pentane to 
obtain the title compound as an off-white solid (1.40 g ). 

E. N.{4-Cyano.(l,l'-biphenyI^y|J.NX3.pyridinyl)urea 

A solution of title D compound (0.30 g , 1.54 mmol) and nicotinyl aade 
20 (0.29 g, 1.84 mmol) in toluene (5 mL) was heated at 85°C for 1.5 hours. 
The solvent was recovered under vacuum and the residue was triturated 
with isopropyl ether to obtain the crude product (0.48 g) which was 
crystallized from isopropanol to obtain the title compound (0.36 g) as an 
off-white solid, mp 180-182'C. Analysis calculated for 
25 Q9H14N4OO.O7H2O: C, 72.30; H. 4.52; N, 17.75. Found: C. 72 19- H 
4.40; N, 17.86 
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Example IS 

N.(5.Cyano.2.pheno*yphe ny i). NM 3.p yri( j isiyI)area 



/ssH 

Q 



°-\J 



A. 3-Nit«v4.phenoxybenawii»ri!e 

To a s^ution of (3.6 g, 20 nunol) and pheno , 

(2.8 g, 30 mmol) in dimethylformamidc (75 mL) was added solid 

^r^r (5g ' 36mm0l) - ^^onwassdntdatroon, 
tempmture under argon for eight hours and heated at 50 «C for 1 8 hours 
Jhe«acdon mixture was concentred in vacuo and the residue was ' 
dassolvedm water (500 rnL). The aqueous layer was extracted with ethyl 
ace^te (2 x 250 mL^combinedex^ were washed with satu^d ' 
pc^um carbonate and dried over magnet sui f ate . The solvent was 
eva^teda^ 

to give an oil which solidified upon standing. 

B. 3-Amisso-4-phenozyb€n2onitrile 
To flS o^onoftiUeAcorn 1 K>und(3.0g,12.5nunol) m 
125 mL) at room temperature was added stannous chloride dihydrate 
(^g.40mmol). The reaction mixture was stirred at room temperature 
under argon forfour hours. It was treated with 10 mL of samrateT 
potassium carbonate at 0°C and stirred for two hours before solid 
potassium carbonate was added to give a white suspension. The 
suspension was filtered through a pad of celite and the filtrate was 
concentrated in vacuo to give a white solid (2.3 g. 88%) 



10 
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C. N-(5-Cyon».2.phenoxypSienyl).NM3.pyridiffly|)ureB 
A solution of title B compound (320 mg, 1.52 nunol) and nicotmyl azide 
(270 mg, 1.83 mmol) in 3 mL of toluene was heated at 95°C under argon 
for three hours. The reaction mixture was cooled to room temperature and 
the white precipitate was collected by filtration. The solid collected was 
recrystallized from ethyl acetate-methanol-hexanes to give a white powder 
(350mg,70%),mp208-209°C. Analysis calculated for 
Ci9Hi4N4O2«0.09 H 2 0: C, 68.74; H, 4.31; N. 16.87. Found: C, 68.76- H 
4.21; N, 16.85. 



Example 16 

N-[2-(i-Met8iyletho3y)-5-mtrophe J !yil-N'-(3-pyrid!!tyS)urea 

Q 

hT 

A. 2-{l-MetayJetlroxy)-5-nitrobenza]dshyde 

A mixture of 2-hydroxy-5-nitrobeitzaldehyde (24.80 g, 148.40 mmol) and 

cesium carbonate (72.5 g, 222.49 mmol) in dimethylformamide (100 mL) 

20 was treated with iw-propyl iodide (30 mL, 296.79 mmol) and stirred at 
room temperature for six days. The reaction mixture was partitioned 
between ethyl acetate (1000 mL)/water (600 mL) and shaken well The 
organic layer was removed, washed with water (3x400 mL), brine (2 x 
300 mL) and dried over magnesium sulfate. The solvent was removed 

25 and the residue was triturated with hexanes to give the tide product (27.14 
g, 87%) as a pale yellow solid, mp 91-92 °C. Analysis calculated for 
CioHuNOj: C, 57.41; H, 5.30; N, 6.70. Found: C, 57.43; H, 5 30; N 
6.68. 
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B. 2-(l-MetbyletI»oxy).5.nhrobena»ic acid 

A solution of title A compound (6.50 g, 31.07 mmol) in acetone (20 mL) 
was treated with a 2.5M solution of Jones' reagent (18.6 mL, 46.61 mmol) 
and stirred at room temperature for 30 minutes. The reaction mixture was 
5 partitioned between ethyl acetate and water. The organic layer was 
separated, washed with water (until the aqueous layer was no longer 
orange/yellow), brine (100 mL) and dried over magnesium sulfate. The 
solvent was removed to give the tide product (6.01 g, 86%) as a pale 
yellow solid, mp 124-125 °C. Analysis calculated for C10H11NO5: C. 
10 53.33; H, 4.92; N, 6.22. Found: C, 53.30; H, 4.80; N, 6.07. 

C. N-[2.(l-Methy!ethoxy)-5-autrophesjy3]=N , .(3.pyriduiyl)i!r£a 
A solution of tide B compound (2.75 g, 12.20 mmol) in dimethyl- 
formamide (9 mL) and triethylamine (1.70 mL, 12.20 mmol) was cooled 
in an ice/water bath and treated with diphenylphosphoryl azide (2.63 mL, 
12.20 mmol). The reaction was allowed to warm to room temperature and 
stirred for two hours. The mixture was partitioned between ethyl acetate 
and saturated sodium bicarbonate. The organic layer was washed with 
water, brine and dried over magnesium sulfate. The solvent was removed 
to give a semi-solid which was triturated with hexanes containing a small 
amount of dichloromethane. The solid was filtered off and the filtrate was 
concentrated to afford a clear yellow oil (2.89 g, 95%). A portion 
(229 mg, 0.915 mmol) of this product in toluene (6 mL) was heated at 
70»C under argon for 45 minutes. The reaction mixture was allowed to 
cool to room temperature and treated with a solution of 3-anunopyridine 
(86 mg, 0.915 mmol) in dichloromethane (1 mL). The resulting solid was 
dissolved by the addition of methanol, preabsorbed onto silica gel and 
purified by flash chromatography on silica gel (100% ethyl acetate) to 
afford the title product (136 mg, 47%) as a yellow solid, mp 23 1-232 °C. 

30 Analysis calculated for C1SH16N4O4: C. 56.96; H, 5.10; N, 17.71. Found- 
C 57.31; H. 5. 18; N, 17.52. 



20 



25 
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Example 17 

4^14-Dimethyletl S yI).2.IU93.pyrid5nyl) a inino]ca!"bonyl]. 
amino]benzamide 



0 ! : 



HN>= 0 



A. l-Brom»4.(l,l.dimetJiylethyi).2-nitroben2ene 

To a mixture of nitric acid (70%, 7.45 mL) and concentrated sulfuric acid 
(9.31 mL) at 0°C was added 4-bromo-rer-butylbcnzene (10 g, 46.9 mmol) 
dropwise over 15 minutes. The reaction mixture was stirred at room 
temperature for one hour, poured into ice cold water and extracted with 
ethyl acetate. The organic fraction was washed with saturated sodium 
bicarbonate solution, saturated sodium chloride solution and dried over 
magnesium sulfate. The solvent was recovered under vacuum to obtain a 
yellow oiL The crude material was purified by chromatography on silica 
gel during with hexane/ethyl acetate (9:1) to afford the title compound 
(10.6 g, 87%) as a yellow oil. 

B. 4K14-Dfau^yIethyl)-2-nitrofeeeisonitri!e 

A solution of title A compound (10.6 g, 40.9 mmol) and copperOJcyanide 
(6.47 g, 73.6 mmol) in N-methylpyrrolidinone (100 mL) was heated under 
argon at 175'C for three hours. The reaction mixture was diluted with a 
large volume of diethyl ether and filtered. The filtrate was washed with 
IN hydrochloric acid solution, saturated sodium bicarbonate, brine and 
dried over magnesium sulfate. The solvent was recovered under vacuum 
to obtain a brown oil. The crude material was chromatographed on silica 
during with hexane/ethyl acetate (4:1) to obtain the desired product 
(6.39 g, 77%) as a greenish solid. 
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C 2-Anrino4-<l,l.Dimsl8syfellsyS)b«aamide 
A mixture of title B compound (3.0 g, 14.7 mmol) and stannous chloride 
dihydrate (16.6 g, 73.4 mmol) in ethanol (36 mL) was heated at reflux for 
one hour. The reaction mixture was poured onto ice/H 2 0 and neutralized 
with solid sodium bicarbonate. The pH was adjusted to ca. 12 with 
sodium hydroxide solution and the mixture was extracted with ethyl 
acetate. The organic fraction was washed with brine, dried over 
magnesium sulfate and evaporated in vacuo to obtain the desired product 
(Z5 g, 90%) as a yellow solid. 

^^^'^^^^'^y^^^^PyridinyOaminolcarbo^ylJamino]. 

A solution of tide C compound (0.5 g, 2.60 mmol) and nicotinyl azide 
(0.47 g, 3.17 mmol) in toluene (10 mL) was heated at 85°C for three 
hours. The solvent was recovered under vacuum to obtain a yellow solid. 
The crude product was purified by crystallization from isopropanol to 
obtain the title product (0.78 g, 87%) as an off-white solid, mp 188- 
189'C. Analysis calculated for C 17 H20N4O2»1.08C3H8O: C, 64.44- H 
7.65; N, 14.86. Found: C. 64.37; H. 7.62; N. 14.84 



Example 18 

[2^yano-5Hl,l-dimeM>yletbyl)phenyl>N'.(3-pyridinyl)i 



25 




A. 2.Ainino^l,l^Jiin^ayiethyl)-beiMoni!rile 
A solution of 4-(l,l-d^methylethyl)-2-nitrobenzonitrile (0.75 g. the title B 
compound of Example 17) in methanol (75 mL) containing 10% 
30 palladium on charcoal (0.75 g) was stirred under hydrogen gas at room 
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temperature for 1.5 hours. The catalyst was filtered and the solvent was 
recovered under vacuum to obtain a dark colored gum. The crude material 
was chromatographed on silica eluting with hexanemwthylene chloride 
(1:1) to obtain the desired product (0.47 g, 74%) as a colorless gum. 

B. N.[2-Cyani>.S.(l,l.diimthylethyl) P h £ nyl].N , -(3-5>yridi ! iyO U re a 
A solution of nicotinyl azide(0.38 g, 2.55 mmol. prepared according to 
Saikachi, H and Kitagawa, T, Chan. Phnm Rui f ism, 25 (7), 1651- 
1657) in toluene (7.5 mL) was heated at 85°C for 15 minutes, after which 
time the tide A compound (0.37 g, 2.12 mmol) was added. The reaction 
mature was heated at 85'C for 1.5 hours. The solvent was recovered 
under vacuum and the crude product was purified by chromatography on 
silica gel eluting with ethyl acetate/hexane (3:1) to afford the tide 
compound (0.30 g, 48%) as an off-white solid, mp 164-166°C. Analysis 
calculated for Ci7Hi 8 N 4 O0.12 H 2 0: C, 68.86; H. 620; N, 18.90. 
Found: C, 68.76; H. 6.10; N, 19.00. 
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What we claim is: 



1. A compound of the formula 
I 




X-R 1 



or pharmaceutical^ acceptable salts thereof wherein 

X is a single bond, O, CO, S, NH or N(lower alkyl); 
YisO,SorNCN; 

R 1 is alkyl, cycloalkyl, aryl, (aryl)alkyl, heterocyclo or 
(heterocyclo)alkyl; 

R 2 is hydrogen, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, 
arylalkyl, (cycloalkyl)alkyl, -CN, -NO2, -COR, -COOR, -CONHR 

0 

-CONR 6 , -CF 3 , -S-alkyl, -SOalkyl, -S0 2 alkyl.-P(0-alkyl) 2 . 

P -7— R 

n , halogen, amino, substituted amino, -O- alkyl, -OCF3, 
-OCH2CF3. -OCOalkyl, -OCONRalkyl, -NRCOalkyl, -NRCOOalkyl or 
-NRCONR 6 , where R is hydrogen, alkyl, haloalkyl, aryl, arylalkyl, 
cycloalkyl or (cycloalkyl)alkyl; 

R 3 is hydrogen, alkyl, hydroxy, -O-alkyl, amino, substituted amino, 
-NHCOR,-CNor-N02; 

R 4 is aryl, (aryl)alkyl, heterocyclo or (heterocyclo)alkyl; 

R 3 and R 5 ' are hydrogen, alkyl, (alkyl)amino, (alkyl)substituted 
amino or haloalkyl; or 

R 4 and R 3 taken together with the carbon atoms to which they are 
attached form a 5- to 7-membered ring which can optionally contain a O 
S or NR 7 ; 
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R 6 is hydrogen, hydroxy or -OCOR; 
R 7 is hydrogen, alkyl, aryl, arylalkyl, cycloalkyl or 
(cycloaikyl)aikyl; and 

n is an integer of 1 to 3. 

2. The compounds as recited in Claim 1 wherein 

X is a single bond, O or S; 

Yis-O- orNCN; 

R l is t-butyl, cycloalkyl or aryl; 

R 2 is hydrogen, CN, NO2, CONH 2 , CF3 or halo; 

R 3 is hydrogen; and 

R 4 is heterocyclo or aryl. 

3. The compounds as recited in Claim 1, which arc: 

N-[5-cyano.2-(l,l-dimethylethyl)phenyl]-NXphenyimethyl) urea; 
N- [5-cyano-2-(l , 1 -dimethylethy Ophenyil-NT-phenylurea; 
N-[5-cyano-2-(l , 1 Kiin^thylethyl)phenyl]-N , -(3-pyridinyl)urea; 
N w -cyano-N-[5*yano-2-(U 
phenylguanidane; 

N w ^yano-N-[5<yano-2-(l,l^limethylethyl)phenyl]-N^ 
pyridinyl)guanidine; 

N-[(4^hloro-3-pyridinyl^ 
phenyljurea; 

N-I5^yano-2-(l f l.dimethylethyl)phenyl]-N , -[13Hift 
(phenylmethyl>2H-isoindol-5-yl]urea; 

*MS<yano-2-(l,l-dimethyle^ 
(phenylmethyl)aminolmethyl]phenyl]urea: 

N^hlorophenyl-N-2-(dira^ 
dimethylethyl)phenyl]urea; 

N-[5^yanc-2-(l,l.dimethylethyl)phenyl]-hr-(5-pyrim urea; 

N-[5-cyano-2-(l,l-d^thylethyl)phenyl]-^-(2-pyra2inyl)u^ 

N-[5-cyano-2-(l f l.dimethylethyl)phenyl].hT-(4.pyridinyl)i^ 

N-[5-cyano-2-(l,l.dimethyleihyl)phenyl]-N^(2-pyridinyl)urea; 

N-^yano-C^r-biphenyO^-ylJ-N'^S-pyridinyOurea; 
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N-(5-cyano-2-phenoxyphenyl)-N-(3-pyridinyl)urea; 

N-[2-(l-methylethoxy)-5-nitrophenyl]-N , -(3-pyridinyl)urea; 

4-(14-dimethylethyl)-2-[[[(3-pyridinyl)aiiuno]carbonyl]am- 
ino]benzamide; 

N-[2-cyano-5-(l / l-dimethylethyl)phenyl]-N'-(3-pyridinyl)- 
urea; or 

pharmaceutically acceptable salts thereof. 

4. A pharmaceutical composition comprising a compound of 
Claim 1 and a pharmaceutically acceptable carrier. 

5. A method for treating ischemia comprising administering to a 
mammalian specie in need thereof ; a therapeutically effective am- 
ount of a composition of Claim 4. 

6. A pharmaceutical composition comprising an effective amount 
of a compound of Claim 1, 2 or 3, or a pharmaceutically acceptable 
salt thereof, together with a pharmaceutically acceptable carrier 
therefor. 

7. A pharmaceutical composition for use in the treatment of an 
ischemic condition in a patient which comprises an effective am- 
ount of a compound of Claim 1, 2 or 3, or a pharmaceutically ac- 
ceptable salt thereof, together with a pharmaceutically acceptable 
carrier therefor. 

8. A pharmaceutical composition for use in the treatment of a 
hypertensive condition in a patient which comprises an effective 
amount of a compound of Claim 1, 2 or 3, or a pharmaceutically 
acceptable salt thereof, together with a pharmaceutically acceptable 
carrier therefor. 
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